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ABSTRACT 


The  objectives  of  this  program  were:  (1)  to  study  the  effect  of 
microstructure  on  susceptibility  to  stress-corrosion  cracking  in  the  short- 
transverse  direction  of  7075-T6  aluminum  alloy;  and  (2)  to  study  the  kinetics 
of  stress-corrosion  cracking  at  elevated  temperature  of  candidate  materials 
for  structural  applications  in  the  trisonic  transport  in  the  presence  of  sea 
salt. 


It  was  hypothesised  that  the  poor  resistance  to  stress  corrosion 
of  high-strength,  wrought  aluminum  alloys  was  due  to  the  layered  t.ype 
microstructure  characteristic  of  these  materials.  Phases  which  are  out 
of  solid  solution  in  the  original  as -cast  structure  tend  to  be  concentrated 
in  the  grain  boundaries.  During  working,  the  original  grains  are  flattened 
out  into  plates  and,  therefore,  the  second  phase  particles  are  distributed 
in  layers.  During  the  solution  heat  treatment  the  recrystallixed  grains  grow 
until  the  growth  Is  inhibited  by  these  second-phase  particles.  As  a  conse¬ 
quence,  the  wrought,  heat-treated  product  has  planes  of  weakness  parallel 
to  the  major  direction  of  working.  Commercial  7075-T6  and  mateirials  of 
the  same  composition  prepared  in  the  laboratory  in  the  form  of  1  in.  plate 
wore  compared  as  to  susceptibility  to  stress  corrosion  in  the  short- 
transverse  direction.  In  these  materials  short  life  was  associated  with  the 
layered  type  of  grain  structure  characteristic  of  commercial  material,  and 
long  life  was  associated  with  irregular  or  equiaxed  grain  structures.  Tke 
experimental  results  gave  good  support  to  the  hypothesiu. 

Apparatus  was  set  up  to  measure  elevated -temperature  crack 
growth  kinetics  by  monitoring  resistance  with  a  precision  Kelvin  bridge. 
Preliminary  trials  with  Ti-8Al-lMo-lV  alloy  showed  promise.  Exposures 
of  AM  350  CR  20%  and  PH  15-7Mo  BH  1050  under  stress  at  temperatures 
from  650^  to  B00°F  gave  no  indications  that  these  materials  aro  susceptible 
to  chloride  salt  stress  corrosion. 

This  technical  documentary  report  has  been  reviewed  and  is 

approved. 
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I.  PAHT  I  -  STRESS  C0RR0S^0^3  OF  7075-T6 


A.  Introduction 

High-strength,  wrought  aluminum-  ase  alloys  are  considerably 
less  resistant  to  stress-corrosion  cracking  in  the  short-transverse  direc¬ 
tion  than  in  the  long-transverse  or  the  longitudinal  direction.  When  the 
microtitructure  of  such  a  material  is  examined,  it  is  at  once  apparent  that 
the  grains  are  elongated  in  the  direction  of  rolling  or  working.  It  appears 
that  at  periodic  intervals  a  barrier  to  grain  growth  exists.  The  micro- 
structure  suggests  that  these  barriers  may  be  traces  of  the  original  as-cast 
grain  boundaries.  The  stress-corrosion  beha  -ior  indicates  that  these  re¬ 
gions  represent  planes  of  weakness.  In  a  test  of  the  short-transverse  direc¬ 
tion,  the  stress  direction  is  perpendicular  to  the  plane  of  these  barriers  to 
grain  growth,  and  the  crac  propagates  Intergranularly  along  these  planes. 
The  as -cast  grain  boundary  is  the  likely  site  of  (a)  whatever  insoluble 
particles  are  present  in  the  (b)  precipitates  of  impurities  having  low 

solubilities,  and  (c)  precipitates  from  the  supersaturated  liquid  that  is  last 
to  solidify.  Subsequent  processing  would  have  no  effect  on  the  insoluble 
phases  and,  very  likely,  would  not  entirely  eliminate  the  other  precipitated 
phases.  Judging  from  the  microstructures,  processing  acts  to  spread  out 
the  second-phase  particles  and  produces  the  layered  structure  observed. 

Assuming  that  the  above  hypothesis  explains  the  observed  direc¬ 
tionality  in  stress-corrosion  sensitivity,  a  program  was  undertaken  to  study 
the  effect  of  eliminating  or  at  least  greatly  mlnimiaing  the  layer  structure 
by  nneans  of  a  casting  technique.  Four  materials  of  the  7075  alloy  in  the 
form  of  one-inch  plate  were  evaluated;  they  were: 

(1)  normal  commercial  material, 

(E)  commercial  material  remelted,  fluxed  to  remove 
insoluble  particler,  and  cast  under  conditions  to 
produce  a  fine  grain  size, 

(3)  high-purity  melt  cast  under  conditions  to  produce 
a  coarse  grain  size,  and 

(4)  high-purity  melt  cast  under  conditions  to  produce 
a  line  grain  size. 

Evaluation  consisted  of  stress -corrosion  testing  in  aqueous  solutions,  me- 
tallographic  examination,  electron  beam  tnlcroprobe  analysis  of  phases 
present  in  normal  commercial  material,  and  determination  of  the  residual 
stress  in  the  plane  perpendicular  to  the  rolMng  direction. 

B.  Experimental  Methods 

1.  Preparation  of  Test  Materials 

Originally  it  was  sought  to  make  the  fine-grained  ingots  exception¬ 
ally  fine  grained  by  combining  two  grain-refining  techniques;  inoculation  by 
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means  of  titanium  addition  (1),  and  application  of  viacoue  shear,  1.  e. ,  ro¬ 
tational  acceleration  (2).  The  apparatus  depicted  in  Fig.  1  was  constructed 
for  imparting  viscous  shear  during  solidification  to  30  pounds  of  metal. 

This  was  accomplished  by  accelerating  rapidly  to  a  high  rotational  speed 
and  decelerating  rapidly  by  applying  a  brake.  When  the  brake  was  released, 
acceleration  occurred  again.  The  period  of  the  acceleration-deceleration 
cycle  was  controlled  by  a  timer  mechanism.  While  this  apparatus  was 
being  completed,  several  ingots  of  7075  alloy  were  prepared  in  a  coneumable 
electrode  arc-melting  furnace  with  magnetic  stirring  applied  to  give  grain 
X  ufinenient  ( 3). 

Difficulties  were  encountered  in  preparing  fine-grained  ingots  of 
7075  alloy  both  by  means  of  consumable  arc  melting  with  magnetic  stirring 
and  by  mechanical  stirring  of  cast  metal  during  t  lidification.  In  the  former 
case  the  expected  deep  pool  of  molten  metal  was  not  formed;  and  the  metal 
appeared  to  solidify  in  layers  about  1/16-1/8  inch  thick,  often  separated 
near  the  outside  by  cold  shuts.  The  ingot  was  fine-grained  but  not  co  the 
extent  expected  on  the  basis  of  earlier  work.  In  the  latter  case  the  grain 
structure  was  not  sufficiently  refined  to  suit  the  needs  of  this  program. 
Several  factors  may  underlie  these  observed  differences  in  results.  One 
factoi  which  appears  to  be  of  inajor  importance  is  the  liquidus-solidus  tem¬ 
perature  differential. 

Prior  experience  in  the  application  of  viscous 'Shear  has  been  with 
relatively  pure  metalB--th.'t  is,  1100  aluminum  alloy  (99  +%  purity)  and 
grade  A  nickel  (99.4%  Ni  +  Co).  In  the  case  of  1100  aluminum  alloy  and 
grade  A  nickel  this  temperature  differential  is  25®  and  20®F ,  respective!'*, 
while  the  differential  of  7075  is  280OF  (4).  This  means  that  in  the  relatively 
pure  metals  there  is  a  fairly  well  defined  solid/Hquid  interface  with  little 
if  any  nucleation  occurring  much  in  advance  of  it.  On  the  other  hand,  the 
solid/ liquid  interface  of  the  7075  alloy  would  be  ill-defined  and  would  be 
very  deep;  also  nucleation  would  show  significant  occurrence  in  advance  of 
the  interface  zone. 

The  question  to  be  resolved  in  this  program  was,  Can  as -cast 
grain  influence  resistance  to  stress-corrosion  susceptibility  through 

its  influence  on  the  distribution  of  insoluble  or  precipitate  peaces?  This 
purpose  could  bo  served  by  using  conventional  techniques  to  produce  ingots 
having  a  significant’  't^fference  in  grain  size.  Therefore,  to  produce  mate¬ 
rials  for  evaluation  without  further  delay,  a  coarse-grained  ingot  cast  from 
hJgh-purity  materials  and  fine-grained  ingots  cast  from  commercial  7075 
plate  and  from  virgin,  high-purity  materials  were  made.  The  nominal 
composition  of  7075  alloy  is;  5.  5  Zn,  2.  5  Mg,  1.5  Cu,  0.  3  Mn,  and  0.  3  Cr. 
(All  compositions  in  this  report  are  given  in  weight  per  cent  unless  other¬ 
wise  noted. )  The  purity,  source,  and  form  of  the  metals  used  for  the  high- 
purity  melts  are  reported  in  Table  1.  The  fine-grained  ingots  were  cast  at 
1300OF  into  1-lnch  thick  walled,  cylindrical  steel  molds  and  Inoculated  with 
additions  of  0.  36%  titanium  added  as  Tl-44%  Al  master  alloy.  The  coarse¬ 
grained  ingot  was  cast  at  1500®F  into  a  sand  mold.  The  ingots  were  approxi¬ 
mately  4  inches  in  diameter  by  5  inches  in  height  after  removing  the  riser. 

The  ingots  were  turned  down  1/8  inch  on  the  radius,  then  soaked 
at  885®F  for  24  hours,  and  transferred  to  a  furnace  at  825®F  preparatory  to 
initial  breakdown  by  press  forging.  The  ingots  were  initially  upset  by 
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ps  cas-forging  and  then  oidc-forged  between  700*’  and  SZS^F  to  1  1/2-inch 
thick  plate.  The  platco  were  rolled  to  1  i/l6  Incbca  at  TOQor  la  0.050- 
inch  naoaon.  The  rolled  platco  were  then  heat-treated  aa  follows:  860”F- 
!  hr,  cold-water  quenched,  aged  250®F-24  hr,  air  cooled. 

Results  of  chemical  analyses  on  the  7075  neaterials  together  with 
nominal  compoaitiona  arc  given  in  Table  2. 

Z.  Streos-Corrosion  Teats 

Since  testing  of  1-inch  thick  plate  in  the  short-transverso  direc¬ 
tion  was  the  concern  of  this  work,  a  specimen  geometry  as  shown  in  Fig.  Z 
was  designed.  A  set  of  24  lever-arm  loading  stress-corrosion  units  was 
constructed  for  making  the  tests.  Several  of  L‘  e  units  illustrating  the  man¬ 
ner  of  loading  are  shown  In  Fig.  3.  In  order  to  obtain  more  uniform  distri¬ 
bution  of  load  over  the  test  specimen,  two  Ti-6Al-4V  titanium  alloy  pins  at 
right  angles  were  placed  be 'ween  the  specimen  and  the  loading  ram.  A 
0.  192-inch  diameter  pin  was  placed  in  the  groove  in  the  top  of  the  specimen, 
and  a  second  pin  having  a  radius  of  curvature  of  0.  10  inch  in  the  longitudinal 
profile  and  0.  190  Inch  minimum  diameter  was  placed  at  right  angles  to  the 
flist.  Thin  rubber  sheet  served  to  insulate  the  lower  pin  from  the  specimen, 
and  the  stainless  steel  loading  ram  was  coated  with  Stop-Off  strippable  lac¬ 
quer.  Corrosion  test  media  employed  were  the  following  basic  solutions: 

(1)  57  g  NaCl,  10  ml  30%  H2O2.  And  water  to  make  1  lit^r,  and  (2)  3  g  NaCl, 
36  g  CrO^,  30  g  K2Cr207  and  water  to  make  1  liter.  Initially  an  addition  of 
0.  01  g  Aerosol  wetting  agent  was  made  to  the  solutions.  However,  when  It 
v.^as  discovered  that  this  addition  apparently  had  an  adverse  effect  on  the 
stabilities  of  the  solutions,  and  that  there  was  a  significant  difference  In 
behavior  of  7075,  depending  on  whether  or  not  the  solution  contained  the 
Aerosol  addition  or  not,  the  Aerosol  was  left  out.  The  specimens  were  im¬ 
mersed  continuously,  and  the  solutions  were  changed  daily  except  Saturdays 
and  Sundays.  The  load  was  fully  applied  to  the  test  specimen  before  the 
corrosion  medium  was  added  to  the  container. 

3.  Tensile  Tests 

Longitudinal  tensile  specimens  of  the  geometry  shown  in  Fig.  4 
wore  tested  in  an  Instron  machine  of  10,  000-pound  capacity.  A  crosshead 
speed  of  0,  1  in. /min  was  employed.  The  tensile  test  specimens  were  taken 
from  the  edge  of  the  plate. 

•1.  Microprobe  Analycis 

Electron  beam  microprobe  analysis  was  made  of  the  eecond-phnsc 
particles  present  in  standard  commercial  7075-T6.  The  surface  of  examina¬ 
tion  was  the  plane  parallel  to  the  rolling  plane  and  at  the  center  of  the  plate. 
The  unit  employed  was  built  by  Cambridge  Inatruments  Limited.  The  Surface 
was  prepared  metallographically  and  etched  to  reveal  the  second-idiase  par¬ 
ticles.  The  region  for  examination  was  then  marked  off  by  microhardness 
Identattons,  and  after  this  the  eurface  was  repolished.  (Past  experience 
indicates  that  etching  sometimes  leaves  surfacs  films  which  obscure  the 
analytical  results. )  The  microhardness  idcntatlons  made  it  easy  to  locate 
the  region  for  examination.  X-ray  Imagee  were  made  of  Ke  emissions  of 
aluminum,  chromium,  copper,  magneeium,  and  ainc.  Reflected  electron 
images  were  also  made. 
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long-tranGvcrsc  directiono  on  the  plane  perpendicular  to  the  rolling  direc¬ 
tion  at  the  approximate  center  of  the  plate  thickness.  The  determination 
was  made  Oil  a  sample  from  each  of  the  7075-T6  materials  of  the  investiga¬ 
tion.  The  two-cxpoaure  method  described  in  Barrett  (f>)  was  used.  This 
method  has  the  advantage  that  it  obviates  the  need  for  an  exposure  of  the 
material  in  the  unstressed  state.  In  order  to  get  the  residual  stress  in  the 
two  directions  three  exp'daurcs  were  requi’’ed;  one  with  the  X-ray  beam 
perpendicular  to  the  specimen  surface,  a  second  with  the  surface  rotated 
in  the  horizontal  plane  45°  toward  the  beam,  and  the  third  with  the  surface 
rotated  in  the  vertical  plane  45°  toward  the  beam.  A  fine  coating  of  anneal¬ 
ed  silver  powder  was  sprinlded  on  the  polished  specimen  face  to  act  as  a 
standard  for  specimen-to-film  distance  calibration.  The  (511)  reflection 
for  Cu  K  a  radiation  of  both  Bil"er  and  aluminum  were  used  for  the  distance 
and  stress  measuromente,  respectively.  The  camera  was  oscillated  back 
and  forth  through  15°  during  the  exposures  in  order  to  smooth  out  the  spot¬ 
tiness  of  the  largo-grained  materials. 

C.  Results  and  Oiscussion 

1.  Microstructures 

An  indication  of  the  relative  as -cast  grain  sizes  of  the  7075  alloy 
prepared  materials  Is  given  by  Fig.  5,  which  shows  macrostructures  of  the 
tops  of  the  ingots  which  were  cut  off  and  discarded  and  sections  of  small 
test  Ingots  which  were  poured  with  each  heat.  Some  porosity  is  apparent  in 
the  high-purity,  coarse  grain  sixe  ingot.  Microstructures  of  the  planes 
parallel  to  the  rolling  plane  at  one-half  plate  thickness,  perpendicular  to  the 
long  transverse  direction,  and  perpendicular  to  the  short  transverse  direc¬ 
tion  for  the  four  materials  are  shown  in  Figs.  6  through  13.  For  each 
material  two  groups  of  microstructures  are  presented:  one  showing  the 
grain  structure  primarily,  and  the  other  showing  thn  distribution  of  second- 
phase  particles.  It  lu  immediately  apparent  that  there  is  a  marked  differ¬ 
ence  in  the  grain  structures  of  the  various  materials,  and  that  these 
differences  may  he  related  to  the  differences  in  the  distribution  of  second- 
phase  particles.  In  the  standard  commercial  material  the  secuiMl-pUaso 
particles  tend  to  be  distributed  in  layers  parallel  to  the  rolling  plane;  wh;:ie 
in  the  recast  material  the  particles  arc  much  less  directionally  distrlhated. 
Casting  practice,  no  doubt,  had  some  influence  in  causing  this  difference; 
however,  the  amount  of  reduction  in  processing  perhaps  also  contributed. 

The  commercial  material  probably  experienced  a  reduction  ratio  of  about 
10:1,  while  the  laboratory  prepared  material  experienced  reduction  ratioe 
of  about  one-half  this  amount.  Qualitatively,  It  is  apparent  that  the  remeltcd 
commercial  material  has  a  much  finer  grain  else  than  the  standard,  and  the 
grains  are  much  less  elongated. 

The  hlgh-purity,  coarse  grain  sise  material  contained  only  occasional 
groups  of  second-phase  particles,  and  elongation  of  grains  was  less  marked 
than  in  the  romoltcd  commorclal  material.  As  shown  in  the  photomicrographs 
in  Fig.  13,  the  high-purity,  fine  grain  sise  material  contained  virtually  no 
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resolvable  eecond-phaao  particles.  It  may  be  noted  that  the  coarse  grain 
size  and  line  grain  size  materials  have  approximately  the  same  grain  size 
after  processing  and  final  heat  treatment.  However,  the  grains  in  the  for¬ 
mer  arc  elongated,  and  those  In  the  latter  are  equiaxed.  It  is  considered 
that  the  equiaxed  grain  structure  of  the  fine  grain  site  material  is  due 
primarily  to  two  factors:  the  fine  as-cast  grain  siss.  and  the  ecarcity  of 
second  phase  particles.  The  first  factor  contributes  to  the  second  in  that 
second-phase  particles  In  the  ae-caet  state  are  smaller  and  mere  uniXoric  • 
ly  distributed  and,  as  a  consequence,  are  more  readily  taXen  into  solution. 
The  second  factor  means  that  there  are  few  inhibitions  to  isotrophic  grain 
gvowth  during  the  final  solution  heat  treatment. 

Comparison  of  the  microetructureo  of  the  fine  grain  siae  mate¬ 
rials  shows  that  the  commercial-purity  mater. al  contains  considarahle 
quantity  of  socond-phase  particles,  while  the  high-purity  material  contains 
virtually  none.  The  results  of  the  chemical  analyses  (Table  2}  show  that 
the  high-purity  laboratory  p  *opared  melts  contain  only  50%  as  much  copper 
as  thfl  commercial  material,  both  as-received  and  remelted.  The  dis¬ 
parity  in  the  amount  of  second-phase  partivlee  between  the  two  types  is 
probably  due  to  this  composition  difference. 

2.  Microprobe  Analysis  of  Second-Phase  Particles  in  7075-T6 

Second-phase  particles  in  commercial  /075-T6  on  the  plane  par¬ 
allel  to  the  rolling  plane  at  one-half  plate  thickness  were  examined  In  the 
microprobe  analyzer.  The  specific  areas  analysed  are  shown  In  Fig.  14. 
The  regions  labeled  1  and  11  were  scanned  at  a  magnification  of  ah'* at  ?00X. 
and  the  smaller  regionc  labeled  A  and  B  were  scanned  at  a  magnification  of 
about  2000X. 

In  the  photomicrograph,  region  I  is  observed  to  contain  large 
q  'entities  of  gray  particles  and  a  patch  of  two-phase  particles  which  are 
black  and  gray.  The  electron  image  of  this  regior  is  shown  in  Fig.  15. 

(The  microprobe  images  are  mirror  images  of  the  photomicrograph  in 
rig.  14. )  Relative  to  the  matrix,  intensity  differences  in  the  electron 
image  derive  from  two  sources:  (1)  differences  In  surface  elevation  which 
cause  shadows  or  intensified  reflection,  for  example,  note  the  microhard- 
ness  impressions  in  Fig.  18;  and  (2)  differences  in  average  atomic  number 
of  phases  present,  lii  the  case  of  the  latter,  second  phase  particles  having 
higher  average  atomic  number  than  the  matrix  produce  light  areas  (relative 
to  the  matrix)  in  the  electron  image;  and  particles  which  have  lower  average 
atomic  number  than  the  matrix  produce  dark  areas  in  the  electron  image. 
The  electron  image  indicates  that  the  phase  which  appears  to  be  black  it 
actually  depressed  below  the  surface,  suggesting  that  it  was  attacked  during 
polishing  operations. 

The  Mg  K  o  image  of  region  I  is  shown  in  Fig.  15  and  indicates 
magnesium  enrlchmsnt  in  the  area  where  the  two-phaee  particles  are  locat¬ 
ed.  The  Al  Ko  Image  of  this  region  showed  the  gray  pai^clee  to  be  poor 
in  aluminum.  Images  due  to  Zn  Ke  and  Cr  Ka  indicated  uniformity  with 
respect  to  sine  and  chromium.  A  Cu  Ke  image  of  sons  A  In  region  1  is 
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shown  in  Fig.  17.  The  gray  particles  are  shown  to  be  coppor*rich  and,  in 
view  of  the  other  evidence,  appear  to  bo  CuAl2  (or  Al^CuMg). 

Tho  electron  image  of  region  II  is  shown  in  Fig.  18,  and  ft  too 
indicates  that  the  darker  two-phase  particles  across  the  center  of  the  region 
arc  .  at  least  in  part,  below  the  level  of  the  matrix  surface.  Not  all  of  the 
darker  spots  in  Fig.  18  appear  to  be  artifact  caused  by  depressions  in  the 
surface.  It  appears  that  a  few  of  them  are  indicative  of  the  presence  of  & 
phase  having  lower  average  atomic  number  than  the  matrix.  Again,  the  A1 
and  Cu  K  a  images  show  that  the  large  gray  particles  are  both  aluminum- 
poor  and  copper-rich  and  they  are,  apparently,  CuAl>  (or  Al2CuMg).  The 
A1  K  a  image  of  zone  B  in  region  II  is  shown  In  Fig.  l9,  and  shows  that  the 
darker,  two-phase  particles  are  aluminum -poor;  'Iso  the  Cu  Kn  image  showc 
them  to  be  slightly  copper  -  poor.  The  findings  laat  these  two-phase  parti¬ 
cles:  (1)  are  poor  in  aluminum,  (2)  are  poor  in  copper,  (3)  contain  areas  of 
enrichment  of  magnesium,  and  ^4)  are  indicated  to  have  lower  average  atomic 
number  than  the  matrix  suggest  that  at  least  one  of  the  phases  is  a  magnesium 
compound. 

3.  Tensile  Test  Results 

Results  of  tonsilo  tests  of  longitudinal  spocimons  taken  from  the 
7075  materials  are  summarized  in  Table  2.  The  tensile  properties  of  the 
two  commercial  purity  materials  are  in  fair  agreement.  The  strength  prop¬ 
erties,  except  fracture  strength,  of  the  two  high-purity  materiale  were  in 
close  agreement;  and  the  yield  strengths  were  about  20.  000  psi  below  those 
of  the  commercial  materials.  The  fractured  specimens  are  shown  in  Fig. 

2C.  One  segment  of  each  of  the  specimens  is  shown.  Note  particularly  the 
character  of  the  fracture  of  the  high-purity,  coarse  grain  size  material. 

Much  of  the  fracture  surface  of  these  specimens  consists  of  parallel  plane* 
all  being  parallel  to  the  rolling  direction  and,  consequently,  parallel  to  the 
stress  axis  of  the  test  specimens.  Much  of  surface  area  of  these  parallel 
planes  was  covered  by  a  thin,  dark  film  which  can  be  discerned  in  Fig.  20. 
This  film  has  not  been  identlHed  as  yet.  The  specimens  of  commercial 
material  showed  a  tendency  to  fracture  in  a  similar  manner;  however,  the 
steps  were  much  smaller  and  there  was  no  sign  of  a  film  under  magnifica¬ 
tions  up  to  3CX. 

4.  Residual  Stress 

Results  of  tho  residual  stress  determinations  are  summarised 
in  Tablo  3  .  All  of  the  measurements  were  hampered  to  some  extent  by 
the  relatively  large  grain  sizes  of  the  materials.  This  problem  was  much 
greater  for  the  high-purity  materiale  than  for  the  commercial  materials. 

These  rcjults  indicate  that  reslHual  stress  in  the  ahort-traneverae  direc¬ 
tion  w.'^u  least  favorable  in  the  commercial  material;  in  order  of  increas¬ 
ingly  favorable  residual  stress  in  the  short-transverse  direction  the  mate¬ 
rials  are:  commercial,  grain  refined;  high-purity,  fine  grain  sise;  and 
high-purity,  coarse  grain  sise. 
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Stresa -Corrosion  Toot  Aesult* 


The  results  of  stress  corrosion  tests  on  the  7075-T6  m&terials 
are  given  in  Tables  4,  5,  and  6?  Table  6_  summarises  results  for  tests 
in  NaCl-H202-Aero8ol  solution.  These  data,  as  shown  in  Fig.  21,  indicate 
that  the  commercial  material  and  the  high-purity,  fine  grain  sire  material 
behave  similarly.  Only  specimens  of  commercial,  grain-refined  and  high- 
purity,  coarse  grain  sise  survived  for  more  than  1000  hours.  However, 
two  specimens  of  the  latter  material  failed  immediately.  (Specimens  which 
failed  immediately  are  plotted  at  0.  1  hour. )  Since  tho  load  was  first  applied 
to  the  specimen  and  then  the  corrosion  medium  was  added,  cuch  failures 
were  not  due  Solely  to  loading,  and  by  all  indications  were  truly  the  result 
of  stress  corrosion.  A  total  of  eleven  epechrens  of  the  hlgh-purity,  coarse 
grain  size  material  were  tested  in  Ihree  solutione.  Of  these,  five  failed 
immediately.  This  was  the  only  material  to  fail  in  times  of  less  than  0.  1 
hour. 


Hesults  for  tests  in  NaCl-H>02  solution  (witht  ut  Aerosol)  are 
giver,  in  Table  S,  and  plotted  in  Fig.  22.  The  commercial,  grain-refined 
and  the  high-purity,  coarse  grain  else  materials  behaved  similarly  to  their 
behavior  in  the  solution  with  the  Aerosol  addition.  How«iver.  the  commer¬ 
cial  material  performed  more  poorly,  and  the  hlgh-purity,  fine  grain  size 
material  performed  better. 

Results  for  tests  In  Cr03  solutions  are  given  in  Table  Con¬ 
sidering  the  commercial  material,  testing  In  CrOj  solution  containing 
Aerosol  made  up  five  months  before  resulted  in  an  average  life  for  two  spe¬ 
cimens  of  0.  35  hour,  while  testing  in  solution  roads  fresh  daily  resulted  in 
an  Increase  in  the  average  life  of  more  than  a  hundredfold.  Curiously,  tsst- 
Ing  in  CrO.  solution  containing  no  Aerosol  and  made  fresh  daily  gave  much 
the  same  nsult  as  testing  in  the  old  solution  containing  Aerosol.  Data  for 
the  various  materials  in  CrOj  (no  Aerosol)  solution  are  plotted  in  Fig.  23. 
These  results  show  that  the  mater>ials  have  increasing  resistance  to  stress- 
corrosion  cracking  in  the  order:  commercial;  commercial,  grain  reHned; 
high-purity,  coarse  grain  else;  and  high -purity,  fine  grain  size.  It  is  of 
ii.to7est  to  note  that  specimens  of  ths  hlgh-purity  coarse  grain  sise  mate¬ 
rial  either  fail  immediately  or  perform  better  than  the  epecimens  of  the 
other  materials.  This  indlcatss  the  presence  of  a  statistical  factor  in  re¬ 
gard  to  the  test  section  of  these  specimens. 

Surface  observations  and  microstructurel  examination  were  made 
of  selected  exposed  etress-corrosion  specimens.  These  obeervationa  are 
summariaed  In  Table  '  7  .  The  aahent  fact  to  come  out  of  this  examination 
pertains  to  grain  structure.  The  mlcrostractural  obeervatione  were  made 
on  the  plane  perpendicular  to  the  loi^-traneveree  diraction.  Grain  atruc- 
turee  were:  layered  as  depicted  in  l^g.  6b.  irregnlar  as  in  Fig.  10c.  or 
equiaxed  as  in  Fig.  12b.  with  few  exeef^oas.  epeelmene  wht<»  flailed  In 
less  than  200  hours  had  the  layered  type  mleroetractarei  and  apeclmena 
which  survived  for  more  than  100  hours,  including  ttioae  which  did  not  flail 
in  1000  or  more  hours,  had  irregular  or  equlasted  grajn  atroctures.  Of 
particular  interest  Is  ths  high-pnrity.  coarse  grain  slat  material,  epeelmene 
of  which  either  failed  in  lese  than  0. 1  hour  or  were  quite  reeletttnt  to  failure. 
All  specimens  of  this  metsrlal  which  felled  immediately  had  the  layered  type 


[]r  ii-\  rilriu  Uui:,  .tud  the  failui'o-rcsiBtant  li'pocitTicnB  had  irregular  grain 
atvucturcu).  A  similar  generalization  applied  for  the  commercial,  grain 
refined  nialerial- -that  ia,  two  of  the  four  Bpccimens  cxhibi.ing  short  lives 
in  CrOj  solution  were  examined  and  found  to  have  layered  grain  structure; 
while  tour  spccimena  which  did  not  fail  in  1000  hours  in  NaCl>H20p'’Aerosal 
and  NaCl-HjOp  aolutions  were  found  to  have  irregular  grain  st'  uctures. 

The  gancraliz.'Uior.  with  respect  to  this  material  must  bo  tempered  by  the 
fact  that  both  layered  and  irregular  grain  specimens  were  in  no  case  tested 
in  the  same  environment  as  far  ?.s  is  known.  However,  not  all  specimens 
were  examined  metallographically.  In  the  case  of  the  high-purity  coarse 
grain  siie  material  a  second  factor  seems  to  have  been  involved  that  may 
explain  why  specimens  of  this  material  were  the  only  ones  to  fail  in  less 
than  0.  1  hour.  This  was  the  occasional  presence  of  patches  involving  a  few 
grains  ox'  a  microconstituent  which  caused  rather  severe  attack  of  the  grain 
boundaries  under  the  action  of  the  etchant.  (Keller's  was  used  for  both  the 
light  etching  to  reveal  the  distribution  of  microconstituents  and  the  heavy 
etching  to  develop  the  grain  structure.)  In  Table  7  .  this  is  referrsd  to  as 
"black  grain  boundary  network.  '*  Apparently  the  most  susceptible  type  of 
microstructure  combined  the  layered  grain  structure  with  the  microcon- 
atituent  responsible  for  the  black  grain  boundary  network. 

The  variations  in  the  final  structure  of  a  given  material  was,  no 
doubt,  related  to  the  variation  in  the  as -cast  structure  of  the  ingot  and  the 
somev.^hat  different  thermal  and  working  history  of  the  various  parts  of  the 
ingot. 


D.  Summary  and  Conclusions 

It  was  hypothesized  that  tl.e  poor  resistance  to  stress-corrosion 
cracking  in  the  short-transverse  direction  of  wrought,  high-strength  alum¬ 
inum  alleys  was  due  to  the  layered  grain  structure  characteristic  of  these 
materials.  Insoluble  phases  and  phases  resulting  from  nonequilibrium 
conditions  during  solidification  tend  to  accumulate  in  the  grain  boundaries 
of  the  as-cast  structure.  In  subsequent  working  the  grains  are  flattened 
oat  Into  plates.  During  the  rather  severe  solution  heat  treatment  applied 
to  these  age-hardenable  alleys,  grain  growth  tends  to  proceed  until  it  is 
inhibited  by  the  barrier  of  second-phase  particles  which  encased  the  original 
as-cast  grains.  This  results  in  planes  of  weakness  or  of  high  susceptibility 
to  strosa-corroslon  cracking  parallel  to  the  direction  of  working.  Sttess- 
ing  in  the  short-transverse  direction  results  in  crack  propagation  along 
such  planes.  The  primary  objective  of  this  study  was  to  determine  whether 
Kitering  the  as-cast  microstructure--through  changes  in  the  molting  and 
casting  practice--would  affect  the  final  wrought  and  heat  treated  mlerostruc- 
ture  and  whether  this,  in  turn,  would  liifluence  stress-corrosion  behavior. 

Four  7075-T6  materials  in  the  form  of  1-incU  plate  were  investi¬ 
gated:  (1)  commercial;  (2)  commercial,  remelted  to  reflne  grain  lise;  (3) 
high-purity,  coarse  grain  sice;  and  (4)  high-purity,  fine  grai'.'.  size.  The 
following  determinations  and  tests  were  made:  residual  stress  in  the  plane 
perpendicular  to  the  rolling  direction  and  in  the  short  and  long  transverse 
directions:  tensile  tests  of  longitudinal  specimens,  and  stress-corrosion 
tests  in  the  short-transverse  direction.  Comparisons  were  made  of  the 


B 


niicrofltvuctuvcs  of  the  various  nitilci-ialB.  Ain 


k  n  W  0  w  W  *4  •  Mft  ik  Jf  Mtk 

uecd  ;j  clotoniiino  the  major  microconstltuenU  present  in  the  commeri 
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The  commercial  material  had  the  characteristic  layered  grain 
structure:  the  commercial,  grain-refined  and  the  high-purity,  coarse 
grain  also  materials  exhibited  a  variation  in  grain  structure  from  layered  to 
irregular;  and  the  high-purity,  fine  grain  else  material  wee  equiaxed.  Of 
special  interest  from  the  results  of  the  tensile  teste  was  the  fact  that  the 
fracture  surfaces  of  the  high-purity,  coarse  grain  size  material  contained 
a  considerable  area  of  parallel  planes  in  the  longitudinal  direction.  Much 
of  tho  surface  of  these  planes  appeared  to  be  covered  by  a  black  film. 

Stroso -corrosion  media  for  most  of  the  testing  were:  NaCl-H202 
solution  and  NaCl-Cr03-K2Cr207  solution.  I  the  former  solution  the 
commercial  material  was  the  least  resistant  to  stress  corrosion;  the  hlgh- 
purity,  coarse  grain  size  material  was  next;  and  the  commercial,  grain 
refined  and  high-purity,  fine  grain  size  materials  were  the  most  resistant. 

In  the  latter  solution  the  materials  in  order  of  Increasing  resistance  to 
stress  corrosion  were:  (1)  commercial;  (2)  commercial,  grain  reftned; 

(3)  high-purity,  coarse  grain  size;  and  (4)  high-purity,  fine. grain  siae.  The 
high-purity,  coarse  grain  size  material  was  unique  in  that  specimens  either 
failed  immediately  or  they  survived  for  500  or  more  hours.  Microstruc- 
tural  examination  of  the  exposed  specimens  showed  that  specimens  which 
failed  immediately  had  the  layered  grain  structure  similar  to  that  of  commer¬ 
cial  material,  and  specimens  which  had  long  life  had  irregular  grain  struc¬ 
ture.  The  commercial,  grain  refilled  material  behaved  similarly  In  that 
short-lived  specimens  had  the  layered  grain  structure,  whereas  long-lived 
specimens  had  irregular  grain  structure.  This  observation  with  respect  to  ha 
commercial,  grain  refined  material  must  be  tempered  by  the  fact  that,  aa 
chance  would  have  it.  the  layered  grain  structure  (short  lived)  specimens 
were  tested  in  CrO^  solution  while  the  irregular  grain  structure  (long  lived) 
specimens  were  tested  in  NaCl-H202  solutions.  Another  characterisUc  of  the 
high-purity,  coarse  grain  size  material  was  the  presence  of  a  grain  boundary 
constituent  in  patches  involving  a  few  grains  which  etched  very  rapidly  giving 
the  appearance  of  a  black  grain  boundary  network.  One  might  readily  associ¬ 
ate  this  with  tho  black  film  observed  on  the  tensile  test  fracture  aurfaces  of 
the  high-purity,  coarse  grain  siae  material:  however,  this  relationship  has 
yet  to  be  established. 

Bosidual  stresses  in  the  short  transverse  direction  were  indicated 
to  be  least  favorable  for  the  standard  commercial  plate,  and  moat  favorable 
for  the  high-purity,  coarse  grain  siae  material,  the  highest  value  beiog  about 
-f3000  psi.  It  doss  not  appear  that  residual  stresa  playad  a  significant  role  in 
these  strpss-mrrosion  tests. 

The  results  give  general  support  to  the  hypothesis  upon  which  fids 
study  was  based.  For  the  7075  aluminum  alloy,  atress-eorrosion  susce^- 
billty  is  related  to  microstructure,  and  one  important  factor  in  the  control 
pf  the  (Inal  microstructure  of  wro.ught  material  is  the  dItirlbuHon  of  second- 
phase  particles  In  the  ss-cast  state. 
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:  S’  n  -  s‘i  Hi:ys  corrosion  of  sst  candidate  materials 


A.  InlroducTion 

Under  certain  conditions  of  laLorstory  toatlng,  titanium  alloys  have 
exhibited  sueccptihility  to  etresfl  corrosion  at  elevated  temperatures  when  in 
the  psettuticc  of  chloride  salts  (6,7).  The  temperature  range  in  which  stress- 
corruulon  cracking  has  boon  observed  is  from  about  550°  to  about  900^F. 

Mucli  ut  the  structure  of  tho  trisonic  transport  will  operate  in  this  temperature 
vanno.  Thoraforo,  a  study  was  undertaken  to  determine  the  kinetics  of  sea 
(lalt  strose-corrosion  cracking  of  three  representative  candid<tto  materials  for 
structural  applications  in  tho  trisonic  transport.  Materials  selected  for  study 
were  Ti-8A1- IMo- IV,  in  the  annealed  condition;  A'd  350,  20  per  cent  cold 
rolled  and  PH  15-7Mo  RH  1050. 


B.  Experimental  Methods 

Sources  of  tho  materials  were  as  follows:  The  Ti-SAl-lMo-lV  in 
tho  lorm  oi  U.UIH  and  0.062  inch  thick  shout  materials  and  tho  AM  350  in  the 
form  of  0.025  inch  thick  sheet  wove  supplied  by  Mr.  William  F.  Brown,  Jr., 
Chief,  Strength  of  Materials  Branch,  Lewis  Research  Center,  NASA.  The 
chemistry  of  these  materials  is  given  in  Table  VUl.  The  PH  15-7Mo  was 
purchased  locally.  Tho  chemistry  of  the  PH  15-7Mo  was  unavailable:  how¬ 
ever,  it  was  certified  aircraft  quality. 

Test  specimune  were  of  the  geometry  shown  in  Fig.  24.  All  spe¬ 
cimens  were  transverse,  since  specimens  of  this  orientation  appear  to  be 
less  resistant  to  factors  which  cause  failure  than  longitudinal  specimens.  For 
testing  in  the  presence  oi  a  notch  a  1/16  in.  hole  was  made  in  the  canter  of 
the  specimens.  Such  configurations  represented  theoretical  stress  concentra« 
tions,  K(,  of  2.8  and  2.9  for  tho  3/8  and  1  in.  width  spacimene,  respectively. 
For  strcRS-corrosion  testing  this  hole  was  filled  with  a  paste  obtained  by  con¬ 
centrating  sea  water  by  evaporation.  In  order  to  prevent  the  salt  from  getting 
on  tho  face  of  tho  specimen,  the  area  surrounding  the  hole  on  either  tide  wae 
coated  with  Boothguard  "S"  (Guard  Coating  Corp. )  atrlppablu  lacquer.  Tho 
specimen  was  placed  on  a  hot  plate  and  the  salt  plate  was  put  into  the  hole. 
After  evaporatloii  of  the  salt  pastoto  dryness  the  lacquer  cosUug  was  readily 
stripped  off. 

Prollmtn'iry  to  beginning  the  kinetics  study,  spv  ^.,  ’'hu  of  the  se¬ 
lected  materials  v/oro  tensile  tested  and  surveyed  for  stress 'Currosion  be¬ 
havior.  Tensile  tests  wore  conducted  oi  an  Instron  10,000><lb  capacity 
r.iachlnn  at  a  crosshead  npoed  of  0. 1  in/min.  Stress-corrosion  exposures 
were  made  in  lover  arm  (20:1  ratio)  loading  type  creep  testing  units. 

Crack  growth  propagation  v'ss  indicated  by  measurt.if  resistance 
over  a  gage  length  by  means  of  a  precision  Kelvin  bridge.  The  test  ap^ratus 
is  sh'iwn  schematically  in  Fig.  25.  For  the  Tl-SAUlMo-lV  alloy,  potsntiel 
leads  across  the  gage  section  were  0.  018  x  1/8  in.  strips  of  the  same  mate¬ 
rial  npot-welded  to  the  specimen  with  approximately  l/e  in.  between  the 
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edges  of  tlio  Btripa.  Titaiiiam  wire  (A-55),  0.050  in.  diameter,  wan 
wclricd  to  tlscBc  otrips  to  complete  the  reciatance-measuring  leads.  A 
thermocouple  wae  spot-welded  to  the  specimen  just  below  the  gage  section. 

With  the  exception  of  the  final  experiment  the  current  leads  were  clamped 
to  the  pull  arms.  For  the  final  experiment  the  current  ’eads  were  spot 
welded  to  Ihc  specimen  as  indicated  in  Fig.  25.  The  cha  ge  was  made  be¬ 
cause  the  former  arrangement  resulted  in  a  variable  error  in  the  resistance 
measurement  due  to  variation  in  the  resistance  between  the  lower  power 
lead  clamp  and  the  contact  points  of  the  resistance  measuring  leads. 

In  order  to  determine  the  relation  between  crack  length  and  change 
in  resistance,  center  hole  specimens  of  3/8  in.  width  of  Ti-  8AI-IM0-IV  were 
used.  A  one  mil  wide  notch  on  one  side  of  the  bole  was  cut  by  abrading  with 
one  mill  diameter  tungsten  wire  coated  with  a  pasle  consisting  of  alumina  and 
Johnson's  cutting  wax  thinned  with  automotive  transmission  oil.  The  notches 
•were  cut  approximately  8  mils  deep.  Crack  extension  was  obtained  by  tension - 
tension  ff  ^-gue  loading.  The  da^a  obtained  are  given  in  Fig.  26.  Each  of  tl»e 
vertical  bars  represents  a  single  specimen.  After  running  the  crack,  the  spe"- 
cimens  v^cre  heated  to  1000°F  for  1  hour  in  air,  to  discolor  the  crack  face. 

The  specimens  were  then  pulled  to  fracture  and  the  average  crack  length  deter¬ 
mined.  The  data  represented  by  circles  were  determined  on  a  single  specimen 
which  remained  in  vhe  machine  under  load  while  the  crack  length  was  measured 
by  means  of  microscopic  observation  on  the  surface.  The  accuracy  of  the  last 
two  pointii  is  very  questionable  since  the  crack  was  propagating  very  rapidly. 
The  point  represented  by  the  triangle  is  the  average  change  in  resistance  of 
nine  spuclmens  before  and  after  cutting  the  8-mil  deep  notch  by  means  of 
tungsten  wire-alumina  abr.asion. 

It  was  found  that  the  measured  resistance  was  very  sensitive  to 
bending  and  torsional  loads  on  the  specimens.  Apparently,  ^is  was  due  to 
changes  in  contact  resistances  in  the  circuit.  The  scatter  in  the  data  in  Fig. 

26  is  believed  to  be  due.  for  the  most  part,  to  the  fact  that  the  contact  resist¬ 
ances  were  not  the  same  before  and  aher  the  fatigue  cracks  were  put  in. 

C.  Besults  and  Discussion 

Besults  of  tensile  tests  of  the  materials  for  evaluation  are  given  in 
Table  9  The  thinner  gage  (0.018  in.)  Ti-8Al-lMo-lV  alloy  material  exhibit¬ 
ed  yield  point  behavior.  To  the  author'e  knowledge  thie  is  the  first  time  yield 
point  phenomena  have  been  observed  in  a  commercial  titaniom  aUoy»  although 
such  behavior  has  been  reported  for  experimental  alloys  of  titanium  with 
nitrogen.  Stress-strain  curves  for  the  0.0625  in.  material  exhibited  simply 
a  flattening  of  the  curve  after  initial  yielding.  This  observation  of  yield 
point  phenomenon  is  perhaps  due  to  the  fact  that  these  specimens  were  tested 
at  a  strain  rate  of  0.07  in/in/min,  while  the  usual  rate  for  titanium  alloys  is 
0.003  to  0.005  in/in/min. 

The  AM  350  C.^  material  exhibited  a  rather  low  yield  strengUi,  be¬ 
cause  it  was  not  tempered  after  the  cold  reduction.  This  was  the  result  of  a 
misunderstanding.  (It  was  assumed  that  this  material  wss  supplied  in  the  con¬ 
dition  for  evaluation — that  is.  cold  reduced  and  tempered  825*^F'-3ht;) 
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fat:  first  I'.vo  sjjcoisnens  of  PIJ  15-7Mo  tc&tcd  had  tonsilo  elonga¬ 
tions  of  only  nbonl  ono-half  spi  cification  value,  and  the  90°  (relative  to 
31-oGs  axis)  fractures  suc'fjcutod  aomo  surface  damage  or  defects.  A  second 
pair  of  specimens  v.'cro  surface  ground  to  remove  1.  5  mils  from  each  side. 
Grinding  v.wo  done  in  tho  transverse  direction  because  of  the  difficulty  of  hold¬ 
ing  this  thin  material  on  the  magnetic  bed  for  longitudinal  grinding.  Ductility 
improved  slightly,  and  necking  occurred.  However,  the  fractures  were  again 
at  90^.  Four  additional  specimens  were  surface  ground,  in  tho  longitudinal 
direction.  Those  8hov.vcd  no  further  improvement  in  properties  over  the  spe¬ 
cimens  that  had  been  ground  in  the  transverse  direction. 

RcsiiUh  of  the  preliminary  survey  of  stress-corrtsion  behavior 
under  conditions  in  which  sea  salt  is  packed  into  a  notch  consisting  of  a  1/16 
in.  diameter  hole  in  tho  center  of  tho  specimen  a.-e  summarised  in  Table  10, 
Slrcaa-corrosion  cracks  wore  found  in  the  Ti-8Al-lMo-lV  specimens.  How¬ 
ever,  it  docs  not  appear  that  AM  350  CR  and  PH  15-7Mo  RH  1050  are  suscep¬ 
tible  to  stress-corrosion  under  the  conditions  of  investigation.  These  mate¬ 
rials  are  not  recommended  for  service  above  700°F,  and  it  appears  that 
exposure  to  a  temperature  of  800®F,  par  so,  causes  deterioration  of  mechan¬ 
ical  properties  due  to  metallurgical  instability.  Two  unnotched  specimens  of 
PH  15-7Mo  alloy  were  coated  with  sea  salt  to  determine  if  accelerated  oxida¬ 
tion  caused  by  the  salt  would  load  to  premature  failure  or  cracking.  Both 
specimens  were  exposed  for  1000  hours  under  a  stress  of  75,000  psi.  Tem¬ 
peratures  were  700'^F  for  one  specimen  and  800°F  for  thn  other.  Tensile 
properties  after  the  exposures  were  as  follows: 


Spec. 

Temp.  , 

YS. 

UTS, 

Elong. , 

No. 

®F 

ksi 

ksi 

% 

P-15(3/8) 

700 

238 

246 

4.4 

P-l6(3/8) 

800 

246 

254 

2.8 

Ripling  (9)  likewise  found  no  indication  that  AM  350  was  susceptible  to  sea 
salt  stress  corrosion  at  650°F. 

The  first  attempts  to  obtain  kinetics  data  on  the  Ti-8Al-lMo-lV 
alloy  were  made  employing  0,018  in.  thick  material.  A  3/8  in.  wide  gage 
section  was  used.  The  specimens  were  exposed  at  650®  or  800°r  under 
stresses  of  40,000  or  55,000  psi.  Cracks  developed  in  the  specimen;  how¬ 
ever,  changes  in  the  resistance  duo  to  reduction  in  the  cross-sectional  area 
were  masked  by  changes  in  the  contact  resistances  between  the  current  leads 
and  the  reflietancc-moasuring  leads  drring  the  course  of  the  exposures.  The 
sensitivity  of  tho  precision  Kelvin  bridge  is  0.  04  pes  cent.  Therefore,  as 
the  base-line  resistance  is  reduced,  the  absolute  change  in  resistance  that 
can  bo  measured  is  reduced  and  consequently  the  siae  of  ths  crack  that  can  be 
detected.  In  the  last  attempt  0.  062  in.  sheet  specimen  with  a  I  in.  wide  gage 
section  was  used.  This  specimen  represented  an  increase  in  cross-sectional 
area  over  the  prior  specimens  of  about  10  times,  thus  havivig  a  lower  gage 
resistance  by  ’.ha  same  magnitude.  In  order  to  minlmiae  enrors  due  to  changes 
in  contact  reslstahcec  the  current  leads  were  spot-welded  to  the  test  specimen 
about  1/2  in,  outside  tho  resistance><measuring  Isads.  The  current  leade  con 
sistsd  of  0.018  by  1/8  in.  strips  of  TI-8AI- lMo»lV  alloy  which  were  apot- 
welded  to  tho  specimen.  Copper  vviro  of  18  gage  was  spot-welded  to  these 


12 


a'vVips.  'I  hie  specimen  was  unloaded  at  the  end  of  each  day,  but  tempsr&ture 
was  maintained.  The  specimen  was  at  temperature  approximately  24  hours 
before  the  load  was  applied.  Resistance  began  to  change  within  1/2  hour  after 
loading.  For  the  first  23  hours  resistance  increase  was  fairly  regular,  there 
being  a  4-hour  and  a  2-hour  period  in  which  resistance  was  constant.  At  this 
point  the  change  in  resistance  indicated  a  net  reduction  in  cross-sectional 
area  of  1. 6  per  cent.  From  this  time  to  60  hours  the  resistance  T^lues  changed 
rather  erratically,  being  much  higher  than  values  projected  from  the  data 
up  to  23  hours.  However,  after  60  hours,  the  resistance  values  returned  to 
the  curve  projected  from  the  initial  values.  The  final  resistance  values  indi¬ 
cated  a  reduction  in  crosa-sectional  area  of  5  per  cent. 

When  the  specimen  was  taken  out,  it  was  found  that  contrary  to 
previous  experience  the  salt  had  crept  outside  ».  e  hole.  Also,  spots  of  salt, 
apparently  the  result  of  spattering  during  che  exposure,  were  found  on  the 
surface.  Apparently  the  salt  became  molten  during  the  exposure  as  has  been 
observed  and  reported  (8).  The  spattering  may  have  been  caused  by  gas 
generated  during  the  exposure.  Five  cracks  were  observed,  extending  from 
the  center  hole  and  varying  in  length  from  0.  020  to  0.  050  In.  Also  cracks 
were  observed  under  the  salt  spots  caused  by  spattering. 

This  technique  of  monitoring  resisUnce  to  measure  crack  growUt 
kinetics  is  considerably  more  difficult  when  applied  at  elevated  temperatures 
than  for  room-temperature  studies.  As  yet,  the  erratic  resistance  changes 
have  not  been  resolved.  However,  the  technique  appears  to  be  promising. 
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TABLE  1 


MATERIALS  FOR  7075  ALUMINUM  ALLOY  MELTS 


Materiaig 

Purity. 

% 

Supplier 

Form 

Impurities 

wt% 

Aluminum 

99.99 

min. 

Aluminum  Co. 
of  America 

1  lb  ingot 

0.  OOZCu 

0.  003Fe 

O.OOlSi 

O.OOlMg 

Chromium 

99.43 

Elchrome 

Lump 

0.045C 

0.0330 

Copper 

99.9 

Flther  Scientific 

Co* 

Magneaixtm 

99.8 

min. 

Dow  Chemical  Co. 

1  lb  stick* 

Maximum: 
0.  OZCu 
O.OlPb 

0.  ISMn 
0.00  INI 
0.0  ISn 

0. 05  «a. 
others 
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TRY  OF  7075  MATERIALS 


TABLE  4 


RESIDUA!.  STRESS  OF  7075-T6  MATERIALS 


Reeidual  Straee,  pel 

SKSrl 

Long 

Traneverau 

Transver** 

Material 

Direction 

Direction 

Commercial 

42940 

48820 

Commercial)  grain 

41470 

•11470 

refined 

High-purity,  coaree 

.  -2940  to 

-2940  to 

grain  ciee 

-4370 

-4370 

High-purity,  fin* 

-1470 

-\470 

grain  elee 

Not*:  Th«  error  produced  in  etreee  meeeurennent  by  a 
4  0. 1  mm  error  in  reading  the  filme  of  the  com* 
mercial  purity  material*  ie  approximately  4  1500 
p*i.  The  coaree  grain  ela*  of  the  hlgh'purliy 
material*  made  accurate  ring  meaeureraent  con¬ 
siderably  more  difficult!  and  the  error  for  thee* 
may  be  _+  3000  to  ^  4500  p*i. 


TABLE  5 


STRESS -CORROSION  RESULTS  FOR  7Q75.T6  MATERIALS 
in  NaCl-H,Oj. -AEROSOL  SOLUTION 


Material 

Specimen 

No. 

Stress 

- %  vurd" 

ksi  Strength 

Time  to 
Failure, 
hr 

Commercial 

A-12 

4B.4 

57.  1 

433.  1 

A-13 

44.  3 

52.3 

445.7 

A- 14 

65.4 

77.  1 

59.0 

A-15 

60.  3 

71.  1 

65.3 

Cotri.-nercial 

12-1 

40.0 

50.9 

1006.  8NF' 

grain  refined 

12-2 

39.8 

50.7 

1006.  SHF 

12-3 

55.4 

70.  5 

1009. 4Nr 

12-4 

55.9 

71.  1 

167.7 

High-purity 

11-4 

39.  1 

64.  3 

1006.  8NF 

coarse  grained 

11-7 

36.  2 

59.5 

Immediate 

11-5 

41.7 

69.0 

Immediate 

11-6 

38.0 

62.9 

1009.  5HT 

High -purity 

10-1 

38.4 

63.9 

369.3 

fine  grained 

10-2 

38.  2 

63.5 

387.7 

10-3 

37.2 

61.8 

319.6 

10-4 

40.  1 

66.6 

<750 

NF--no  failure,  stopped  at  time  given. 


>9 


TABLE  6 


STRESS -CORK PSION  RESULTS  FOR  7075-T6  MATERIALS 
IN  NaCl-H?0^  SOLUTION 


Material 

Specimen 

No. 

Stress 

- ^*Te!<l 

ksi  Strength 

Time  to 
Failure, 
hr 

Commercial 

A-26 

42.4 

50 

97.  1 

A- 27 

42.4 

50 

123.7 

A-22 

63.  6 

75 

63.8 

A- 23 

63.  6 

75 

36.7 

Commercial 

12-5 

58.9 

75 

1343. 9Nr* 

grain  refined 

12-6 

58.9 

75 

<  270 

High-purity 

U-15 

30.4 

50 

1032.  INF 

coarse  grained 

11-17 

30.4 

50 

Immediate 

11-8 

45.6 

75 

Immediate 

11-9 

45.6 

75 

1343. 9NF 

High' purity 

10-5 

45.2 

75 

1056.6 

fine  grained 

10-6 

45.2 

75 

613.8 

NF  --no  failure,  stopped  at  tlnne  given. 
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TABL.E  8  (cont. ) 
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TENSILE  TEST  PROPERTIES 
OF  SST  CANProATE  MATERIALS 
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STRESS-CORROSION  SUSCEPTIBILITY  SURVEY 
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Tbickne**  a*  follows:  Ti-8Al-iMo-lV,  0.011};  AM  350  CRT,  0,024;  and  PH  I5-7Mo,  0.022  in. :  numbers 
in  pareathoses  give  width  of  gage  section  in  inches, 
see  «  stress-corrosion  crack. 
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BEARING 
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I'lG.  1  -  SHEAR  INDUCER 
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FIG. 


2  -  STRESS  CORROSION  TEST  SPECIMEN  FOR  EVALUATION  OP 
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30 
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luCu.rogr»*Aa  of  cut  logots  of  YC.7S  aUay;  Lt-ft—  hlT?/j  n’jsliy,  ii-'j'-''  •*■-'■ 
r/’’  ■'  9l»«;  airwl  KigJu:-*  remalted  ceHTUiMSrcial  stocks  fine 


N  23248  XlOU  N  23247  XICO 

(b)  Plane  perpendicular  to  the  lonf  (c)  PLana  parpaodicular  to  t^a  roll* 
transvcreo  direction.  ing  dlracUon. 


Fig,  6  -  Mlerostructurca  of  7075-T6  comtnarcial  plate  thick  Etchant; 

Keller'e. 
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N  2324S 


X250 


(a)  Plane  parallel  to  rolling  plane. 


•  - 

N  23243  X250 

(b)  Plane  perpeTuiictUar  to  the  long 
transverse  direction. 

Fig.  7 


N  23244  X250 

(c)  Plane  perpendicular  to  the  roU 
ing  direction. 


Idlcrostructures  showing  distrlbutlou  of  eeco^^phaae  particles  In 
7075-T6  commercial  plate  l»inch  thick.  Etchant:  cone.  HF  in 

water. 
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N  23970  XlOO 

(a)  Plane  parallel  to  the  rolling  plane. 


N  23971  XlOO 

(b)  Plane  perpendicular  to  the  long 
traneverae  direction. 


N  23972  XlOO 

(c)  Plane  perpendicolaT  to  the  roll* 
ing  direction. 


Fig.  6  -  Microetructuree  of  7075>T6  ccmmerelal  purity  plate  1-Inch  Utiek, 
remelted  and  grain  refined.  Xtchantt  Keller'e. 
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<r 


N  23961  X250 

(a)  Plane  parallel  to  rolling  plane. 


N  23962  X250  N  23963  X230 

(b)  Plane  perpendicular  to  the  long  (c)  Plane  perper^eular  to  the  roll* 
traneveree  direction.  ing  direction. 

Fig,  9  •  Microstructuree  ahowlcg  diatrlbuUon  of  eecond-phaie  particles  in 

7073«‘T6  commercial  purity  plate  l>inch  thick,  grain  reAncd.  Xtchant 
1%  cone.  HF  in  water. 
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N  23967  XlOO 

(ft)  Plftne  pftriillftl  to  th*  rolllnj  pUn*. 


I 


! 


N  2396B  XlOO  N  23969  XlOO 

(b)  Plftn*  perpendicular  to  the  long  (c)  Plane  perpeadlculftr  to  the  roll* 
traneveree  direction.  ing  direction. 


Fig.  10  -  Microetrurturee  ot  7079-T6  high*purity  plate  l«lnch  thick,  coaree 
grain  eiae.  Stchanti  Keller'e. 
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N  23958  X250 

(a)  Plane  parallel  to  the  rolling  plane 


Vif'  '^511 


N  23960  X250 

(c)  Plane  perpendicular  to  the  roll 
ing  direction. 


N  23959  X290 

(b)  Plane  perpendicular  to  the  Inng 
traneveree  direction. 


Mieroetructuree  ehowing  dietrlhution  of  aecond>|diaee  particlee  in 
7075-T6  high-purity  plate  1-lnch  thiek«  coarse  grain  slae.  l^chaat 
1%  cone.  HP  in  u^ater. 


N  23964  XlOO 

(a)  Plane  parallel  to  the  rolling  plane 


M'Sj '■'.i-.'Stf 


N  23966  XlOO 

(c)  Plane  perpendicular  to  the  roll 
ing  direction. 


N  23965  XlOO 

(b)  Plane  perpendicular  to  the  long 
tranaverce  direction. 


Fig.  12  »  Microatructurea  of  7075-T6  high-purity  plate  l-iaeh  thick,  fine  |;raln 
aiae.  Etchant:  Keller'a. 


N  2S9SS  X2S0 

(a)  Plan«  paralK  \  to  rolling  plan*. 


'■f 


N  23956 


X250  N  23957 


X250 


(b)  Plan*  p*rp*n41cvilar  to  th*  long 
tran«v*ri*  dlr*ction. 


(c)  Plan*  p«rp*iidlcaLar  to  th*  roll* 
Ing  dlrootion. 


Fig.  13  *  Mlcroitructur**  ihowing  distribution  of  i*cond-phai*  partiel** 
7075>T6  hlgh'purlty  plat*  1-inch  :hicki  fin*  graiu  aia*.  Etd^nt: 
1%  cone.  HF  in  water. 
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N  23774 
Fig,  li  - 


X250 

Areas  on  plane  parallel  to  the  rolling  pUae  examined  vith  the 
microprobe  analyser.  Commercial  7075-T6  plate  I'inch  thick. 
Unotched.  The  gray  particlae  are  tentatively  identified  as  CaAl->> 
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UV  345 


miQ 


Fig.  15 

Electron  Imar'  of  rogisn  I.  BrlgM 
araae  r#prei«Bi  higher  average  atcir, 
Ic  number  than  that  of  tb**  matrls. 


MP  349 

Fig.  16 

Ma  Kq  Image  cf  region  I  ehowe  dark 
particles  to  be  rich  in  magneeium. 


j(ip  361  X1330 

Fig.  f? 

Cu  Ka  image  of  tone  A  of  region  S 
ihowe  gray  particles  to  be  copper- 
rich. 


MP  SSi 


3C2SO 


Fig.  18 

HlectroQ  Is^ge  ©I  fcglsa  H, 


XfiP  364  X13S0 

ng.  19 

A1  K  a  image  oi  aoae  B  ia  regica 
IX  •hove  dark  f»articl«a  to  h« 
alumiuum-poor. 
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no.  26  •  CHANGE  IN  RESISTANCE  WITH  CRACK  LENGTH  FOR  T1-8AI* 

IV  SPECIMENS. 
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